Bisphenol-A (BPA) has been shown to be an endocrine disruptor in animals. We have previously demonstrated selective extraction of BPA from dental materials and its detection by gas chromatography-mass spectrometry. In the present study, this same procedure was employed for the detection of BPA in materials routinely used in pediatric dentistry-commercial resin composites, fissure sealants, compomers, and dentin bonding agents. In unpolymerized materials, significant BPA contamination was detected in 2 of 3 resin composites, 2 of 5 fissure sealants, and all bonding agents and intermediate resins tested. Moreover, in most cases, incubation of polymerized materials for 24 h resulted in release of BPA into phosphate-buffered saline. However, the highest level of BPA released (89.5 ng/g polymerized material) was still far less than the reported lowest dose that produces endocrine disruption in experimental animals (2g/kg/d).
Introduction
Resin composite was first synthesized by Bowen in 1962 by mixing bisphenol-A diglycidyl methacrylate (bis-GMA) with inorganic filler, and, today, it is the esthetic dental material of choice over metal restorations 1) . However, this material has recently become the center of public attention on account of reports of leaking of components from the resin. One such leakable compound, identified as 2hydroxyethyl methacrylate (2-HEMA), has been shown to diffuse from both the bonding agent and the resin composite into dentin, and to produce contact dermatitis in experimental animals 2, 3) . In addition to 2-HEMA, other monomers such as bisphenol-A (BPA), can also cause occupational contact dermatitis and 10-Methacryloxdecyl dihy-other investigators argued that none of the tested sealants released detectable amounts of BPA. It is thus essential to clarify this matter and address these concerns. We have previously used GC-MS as a sensitive method to detect BPA in dental materials 14) . By using this same procedure, the present study was designed to measure BPA levels in commercial resin composites, fissure sealants, compomers, and dentin bonding agents, all of which are commonly used in pediatric dentistry.
Materials and methods

Materials
The commercial materials used in this study were five fissure sealants, three resin composites, eight compomers and five dentin bonding agents including intermediate resins, and they are listed in Table 1 . Base resins containing urethanedimethacrylate were excluded. BPA and 2-HEMA were supplied from Tokyo Kasei Kogyo (Tokyo, Japan) and Merck (Schuchardt, Germany), respectively. The bis-GMA and triethyleneglycol dimethacrylate (TEGDMA) were obtained from Shin-Nakamura Chemical (Wakayama, Japan). Deuterium-labeled BPA (D-BPA) was obtained from Aldrich Chemical Company (Milwaukee, U.S.A.). Sep-Pak Plus cartridges were obtained from Waters (Milford, U.S.A.). N,O-Bis(trimethylsilyl)trifluoroacetamide (BSTFA) with 1% trimethylchlorosilane (TMCS) was purchased *: BPA contents in unpolymerized dental materials, **: Leaked BPA amounts from polymerized dental materials into PBS during incubation, ***: Under detection limit (Ͻ1 ng/mg), ****: Data are expressed as mean‫ע‬S.D. (n‫,)3ס‬ *****: Not determined from Pierce Chemical Company (Rockford, U.S.A.).
Preparation of polymerization specimens
Commercial unpolymerized materials (resin composites, compomers and fissure sealants) were irradiated in a cylindrical glass tube (4 mm in diameter‫5ן‬ mm in height) with a visible light source for 60 sec. The polymerized samples were then carefully removed from the glass tube and incubated in 10 ml of phosphate buffered saline (PBS) at 37°C for 24 h.
Extraction of BPA from dental materials
For detection of BPA in unpolymerized dental materials, a stock solution of each unpolymerized material was prepared at a concentration of 10 mg/ml in 100% methanol and placed in a light protected glass tube. After centrifugation (3000 rpm, 10 min) of unpolymerized material to remove insoluble filler, a proportion (100l) was transferred to 10 ml of 40% methanol and applied to a Sep-Pak C18 cartridge that had been preconditioned with 100% methanol (10 ml) followed by distilled water (10 ml). When polymerized materials were tested, PBS extracts were directly applied onto the preconditioned cartridge.
To quantify the BPA content, 50 ng of D-BPA was added to the solution of dental materials before the extraction procedure as an internal standard. The cartridge was washed with 10 ml of 40% methanol and eluted with 5 ml of 70% methanol. The eluate was evaporated under a nitrogen stream at 40°C and dissolved in 100l of a silylation reagent of 1% TMCS in BSTFA. The reaction was carried out at 60°C for 1 h. After derivatization, the excess reagent was evaporated under a nitrogen stream and the residue was dissolved in 50l of ethyl acetate for GC-MS analysis.
Gas chromatography-mass spectrometry analysis
A proportion (1l) of silylated extract from all dental materials tested was introduced into a GC-MS system (Hewlett Packard 5890A-5970B, Palo Alto, U.S.A.), equipped with an apolar GC capillary column HP-1 (30 m‫52.0ן‬ mm, 0.25m film thickness, Hewlett Packard) and a splitless injector. The temperature programming was as follows; 100°C (5 min), 100-300°C (20°C/min), 300°C (5 min). The temperature settings for the injector and a transfer line were 200°C and 300°C, respectively. Electron-impact mass spectra were obtained at 70 eV and reported as m/z.
Data was collected using a selective ion monitoring (SIM) mode to quantify the compound. Ions at m/z 357 and 368 were selected for SIM analysis of BPA and its deuterium derivative, respectively. The detection limit for BPA in the present system was 1 ng/mg in unpolymerized material, as reported previously.
Results
Levels of BPA detected in unpolymerized materials and released from polymerized materials into PBS during incubation are shown in (Table 1 ). These results indicate that polymerized materials release BPA during incubation. Such BPA leakage from polymerized materials was observed for all resin composites, fissure sealants, and compomers tested, except for F2000. Geristore compomer, which utilizes chemical polymerization methodology, showed a relatively high level of BPA leakage from the polymerized material. In resin composites, BPA contents in unpolymerized materials were seen to correlate with BPA leakage from polymerized materials. However, there was no relationship between these two parameters in the case of fissure sealants.
Discussion
The adhesion of composite resin to dentin is of critical importance in the restorative field. Indeed, the ability of resins to bond to dentine obviates the need to undercut cavities, as required for amalgam restoration placement for example, so avoiding unnecessary destruction of dentin and ultimately prolonging the life of the tooth [14] [15] [16] . Although metalbased restorations have been widely used in the past, ceramics and composite resins are now applied not only to anterior teeth but also to molars 17) .
Furthermore, pediatric dentists tend to use resin composites when the devitalized teeth is covered with jacket crowns. Unfortunately, there has been recent concern that plastic-based dental materials induce endocrine disrupting actions, through the release of BPA used as a starting material for bis-GMA synthesis and therefore contaminates unpolymerized materials 18) . These anxieties have spread to our pediatric dental patients and their families, and it is essential that we are able to address these concerns. The present study was designed to determine the BPA content of composite resins, fissure sealants, compomers, and bonding agents.
Results obtained from this study revealed that BPA was released from all polymerized materials tested except F2000 compomer. The highest level of BPA released during the 24 h incubation was in the order of 90 ng/g of polymerized material. Nagel et al. reported that repeated doses of 2g/kg/day of BPA to pregnant mice resulted in an increase in the size of the prostate and preputial glands and a decrease in the size of the epidiymides in their male offspring 19) . Although the BPA levels detected in the current study were far less than these reported doses that produce endocrine disruption in animals, there is still potential concern in the dental office, particularly in the case of bonding agents, which are used unpolymerized.
To prevent leakage of BPA from resin-based materials, complete polymerization is essential. It is also important to wait for apparent hardening of the material and to grind the resin surface, particularly in the case of the chemical polymerization-type resin, where polymerization of the surface is inhibited by oxygen. Moreover, when using optical polymerization-type resin in deep cavities it is necessary to laminate the polymerization since visible light can only reach a distance of some 2 mm into the material. Without laminating, it is likely that unpolymerized material will remain. A further concern is the leakage of bonding agent, containing high levels of monomer, through the crevice between the rubber dam and gingiva. This could induce a delayed-type allergic reaction in the oral tissues, in addition to endocrine-disrupting actions. In short, it is essential to pay careful attention to the manipulation of dental materials that contain BPA and, in some cases, glass ionomer-type materials may be a preferable choice.
In conclusion, the present study reports the levels of BPA in unpolymerized materials and those leaked from polymerized materials using 21 commerciallyavailable brands of resin composite, fissure sealant, compomer, bonding agent, and intermediate resin.
While it is apparent that BPA is released by dental materials commonly used in dental practice, the results of this study demonstrate that levels are significantly lower than those reported to have detrimental effects.
